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(54) High pressure discharge lamp, lighting optical apparatus using the same as light source, 
and image display system 

(57) The present invention provides a high pressure 
discharge lamp which is provided with a discharge tube 
(1) containing a pair of electrodes (4, 16) therein and 
being filled with mercury, an inert gas and a halogen 
gas, the amount of the mercury filled being 0.12 to 0.35 
mg/mm 3 , the halogen gas being at least one gas 
selected from the group consisting of CI, Br and I and 
being present in an amount of 10" 7 to 10' 2 jimol/mm 3 , 
and the electrodes (4, 16) being mainly composed of 
tungsten, and the tungsten as a material of the elec- 
trodes contains not more than 12 ppm of potassium 
oxide (K 2 0). In such a high pressure discharge lamp, 
blackening of the discharge tube (1) due to the potas- 
sium oxide (K 2 0) contained in the tungsten, and 
decrease in illumination maintenance can be prevented, 
thus providing a high pressure discharge lamp with a 
long lifetime, a lighting optical apparatus using the high 
pressure discharge lamp as a light source, and an 
image display system using the lighting optical appara- 
tus. In another aspect, the amount of -OH in the glass of 
the discharge tube is less than 3 ppm. tn a further 
aspect, the discharge lamp has a restriking voltage of 
less than 20 V. 



FIG. 1 
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Description 

[0001] The present invention relates to a high pressure discharge lamp for use in general lighting fittings and optical 
apparatuses etc.. and to a lighting optical apparatus comprising the high pressure discharge lamp and a reflecting mir- 
5 ror which are integrated into one unit, and to an image display system comprising the lighting optical apparatus and an 
image forming device. 

[0002] Conventionally, a lighting optical apparatus, which is used as a light supply in an image display system used 
in a liquid crystal projector or the like, usually comprises a light source and a reflecting mirror, which are integrated into 
one unit. Examples of the light source include halogen lamps, metal halide lamps, xenon lamps, extra-high pressure 

w mercury lamps, and the like. 

[0003] Recently, because of its good efficiency, high luminance, good balance of red, blue and green in the emitted 
light, long lifetime, and others, an extra-high pressure mercury lamp having a short electrode spacing, that is, with a 
short arc, which is close to a point light source, has been used as a light source for a lighting optical apparatus. 
[0004] Previously, this type of lighting optical apparatus as shown in Figure 8, which comprises a high pressure dis- 

15 charge lamp, e.g. an extra-high pressure mercury lamp 17. and a concave reflecting mirror 9 having a paraboloidal or 
ellipsoidal reflection surface (hereinafter referred to as the reflecting mirror 9) integrated into one unit, has been used. 
[0005] The light radiated from the extra-high pressure mercury lamp 1 7 is reflected by the reflecting mirror 9 and then 
it is radiated forward. If such a lighting optical apparatus is combined with an image display system with a condenser 
lens or an image forming device such as a liquid crystal panel, the light radiated forward is led into the condenser lens 

20 with a determined area, or into the image forming device such as a liquid panel in the image display system. 

[0006] If the light reflected forward by the reflecting mirror 9 is parallel rays, the condensing efficiency becomes high. 
Thus, the light source is preferably a point light source. Therefore, an extra-high pressure mercury lamp having a short 
electrode spacing, i.e. with a short arc, which enables a point light source, may be used. 

[0007] As an example of a conventional extra-high mercury lamp, Figure 8 illustrates the extra-high pressure mercury 
25 lamp 17 which comprises a luminous vessel 17a containing a pair of electrodes therein, and sealing parts 17b con- 
nected to each end of the luminous vessel 1 7a. An installation body as described below is sealed in each of the sealing 
parts 17b. The installation body comprises an electrode 18 comprising an electrode rod 18b and a coil 18a connected 
to the top end of the rod 1 8b, a metallic foil 5 comprising molybdenum whose one end is connected to the bottom end 
of the rod 1 8b, and an external lead wire 6 whose one end is connected to the other end of the metallic foil 5. The instal- 
30 lation body is sealed in the sealing part 1 7b in such a way that the electrode 1 8 is located in the luminous vessel 1 7a. 
[0008] One external lead wire (not shown) is electrically connected to the base 7, and the other external lead wire 6 
is connected to a power-supplying wire (not shown). 

[0009] The luminous vessel 1 7a is filled with mercury as a light-emitting metal and rare gases, e.g. argon. The extra- 
high pressure mercury lamp 1 7 is attached to and integrated with the reflecting mirror 9. The reflecting mirror 9 is made 

35 of a material selected from the group consisting of glass, metals and ceramic, and also has a reflecting surface com- 
prising a deposited film of Ti0 2 -Si02 and the like with excellent reflection property on the inner surface of the concave 
mirror. A front light-projecting portion of the reflecting mirror 9, i.e. the opening portion, has a diameter of about 50 to 
1 20 mm. The mirror 9 is farther provided with a cylindrical support 10 at the back portion thereof. Abase 7 of the extra- 
high pressure mercury lamp 17 is fixed to the cylindrical support 10 with an adhesive 11, e.g. an insulating cement. 

40 Thereby, the extra-high pressure mercury lamp 1 7 is attached to the reflecting mirror 9 in such a way that the axis of the 
lamp corresponds approximately to the center of the reflecting mirror 9. Furthermore, a lead-in hole (not shown) is 
formed through the reflecting mirror 9, and above-mentioned power-supplying wire penetrates through the hole and is 
lead into the back side of the reflecting mirror 9. In the case of power consumption at 80 to 150 W, such a conventional 
extra-high mercury lamp 1 7 has an electrode spacing as short as 1 .0 to 2.0 mm, and is usually lighted up by a high- 

45 frequency alternating current power source at 1 25 to 400 Hz. 

[001 0] When such a discharge lamp with a short arc and a high luminance is lighted, the temperature at the end of 
the electrodes becomes very high, so that tungsten used as a material of the electrodes is scattered and adheres to the 
inner wall of the discharge tube. Thus, blackening of the discharge tube occurs within several tens of hours. In order to 
inhibit such blackening of the discharge tube, a method of filling a halogen gas in the discharge tube, so as to prevent 

so blackening of the tube by utilizing a reaction called halogen cycle, has been proposed (Japanese Published Unexam- 
ined Patent Application (Tokkai) No. HEI 2-148561). The extra-high pressure mercury lamp as proposed in this publica- 
tion is filled with more than 0.2 mg/mm 3 of mercury, and is also filled with at least one halogen selected from the group 
consisting of CI, Br and I in an amount of 10~ 6 to 10" 4 umol/mm 3 . 

[001 1] However, in such a lamp, the pressure in the discharge tube during operation exceeds 2.0 x 10 7 Pa (200 bars). 
55 so that even a little blackening of the discharge tube can cause deformation of the tube, which may result in bursting of 
the discharge tube. Furthermore, residual impurity gases remained in the discharge tube, and impurity gases dis- 
charged from the electrodes and the quartz glass, which is used as a material of the discharge tube, inhibit the halogen 
cycle, resulting in shortening the lifetime of the lamp. 
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[001 2] Thus, although such a conventional high pressure discharge lamp with a short arc and a high luminance has 
excellent initial properties, it has a disadvantage with respect to the lifetime of the lamp. 

[001 3] It is an object of the present invention to provide a high pressure discharge lamp with a long lifetime, a lighting 
optical apparatus having such a high pressure discharge lamp as a light source, and an image display system using the 
s lighting optical apparatus, by optimizing the amount of mercury filled and the halogen gas concentration in the dis- 
charge tube, and farther by inhibiting generation of residual gases in the discharge tube and unnecessary gases which 
are generated during lighting. 

[0014] In order to achieve the above-mentioned object, the high pressure discharge lamp of the present invention is 
provided with a discharge tube which contains a pair of electrodes therein and is filled with mercury, an inert gas and a 

io halogen gas, the amount of the mercury filled being 0.12 to 0.35 mg/mm 3 , the halogen gas being at least one gas 
selected from the group consisting of CI, Br and I, and being present in the range of 10~ 7 to 10* 2 ^mol/mm 3 , and the 
electrodes mainly being composed of tungsten, wherein the tungsten as a material of the electrodes contains not more 
than 1 2 ppm of potassium oxide (K 2 0). Accordingly, blackening of the discharge tube due to potassium oxide contained 
in the tungsten, and decrease in illumination maintenance can be prevented, so that a high pressure discharge lamp 

75 with a long lifetime can be obtained. The content of the potassium oxide (K 2 0) in the tungsten may be any amount in 
the range of not more than 12 ppm, but it is preferably 0 ppm to not more than 8 ppm, particularly preferably 0 ppm to 
not more than 5 ppm. 

[0015] In the high pressure discharge lamp of the present invention, it is preferable that the discharge tube is made 
of quartz glass, and the content of hydroxyl group (-OH group) in the quartz glass is not more than 3 ppm. Thus, black- 
20 ening of the discharge tube can be prevented, so that a high pressure discharge lamp with a long lifetime can be 
obtained. It is preferable that the content of hydroxyl group (-OH group) is in the range of 0 to 3 ppm, particularly pref- 
erably 0 to 1 ppm. 

[0016] Furthermore, in the high pressure discharge lamp of the present invention, it is preferable that the restriking 
voltage observed within several seconds to two minutes from starting is not more than 20 V. Thus, a high pressure dis- 
25 charge lamp with a long lifetime can be obtained. The restriking voltage is preferably in the range of 0 to 1 5 V, particu- 
larly preferably 0 to 10 V. 

[0017] Still furthermore, in the high pressure discharge lamp of the present invention, in the case of lighting by direct 
current, it is preferable that the volume of the electrode to be an anode during lighting is larger than the volume of the 
electrode to be a cathode. Thus, the lifetime of the lamp can be further extended. 
30 [0018] Still furthermore, in the high pressure discharge lamp of the present invention, it is preferable that the illumina- 
tion maintenance on the screen is at least 85 %, more preferably at least 87 %, and particularly preferably at least 90 
% after lighting for 2000 hours. 

[0019] The lighting optical apparatus of the present invention comprises a reflecting mirror having a paraboloidal or 
ellipsoidal reflecting surface, and the high pressure discharge lamp according to the present invention, wherein the arc 
35 axis of the high pressure discharge lamp is located on the optical axis of the reflecting mirror so as to integrate the high 
pressure discharge lamp with the reflecting mirror. Thus, a lighting optical apparatus with a long lifetime can be 
obtained. 

[0020] The image display system of the present invention comprises a light supplying source comprising a light 
source and lenses, and an image forming device, wherein the lighting optical apparatus of the present invention is used 
40 in the light supplying source. Thus, an image display system with a long lifetime can be obtained. 

[0021 ] The present invention will be further described in detail in the following with reference to the drawings, in which: 

Figure 1 is a partially cutaway perspective view of a lighting optical apparatus comprising a high pressure discharge 
lamp according to a first embodiment of the present invention and a reflecting mirror. 

45 Figure 2 is a diagram showing an optical system used for evaluating the lamp in Figure 1 . 

Figure 3 is a diagram showing the relationship between the lighting time and the illumination maintenance on the 
screen in an image display system according to the first embodiment of the present invention. 
Figure 4 is a diagram showing the relationship between the lighting time and the illumination maintenance on the 
screen in an image display system according to a second embodiment of the present invention. 

so Figure 5 is a partially cutaway perspective view of a lighting optical apparatus comprising a high pressure discharge 
lamp according to a third embodiment of the present invention and a reflecting mirror. 

Figure 6 is a diagram showing the relationship between the lighting time and the illumination maintenance on the 
screen in an image display system according to the third embodiment of to the present invention. 
Figure 7 is a diagram for explaining the restriking voltage in the image display system according to the third embod- 
55 iment of the present invention. 

Figure 8 is a partially cutaway front view of a lighting optical apparatus comprising a conventional high pressure dis- 
charge lamp and a reflecting mirror. 
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First Embodiment 

[0022] A high pressure discharge lamp according to the first embodiment of the present invention and a lighting opti- 
cal apparatus using the high pressure discharge lamp as a light source will be described in the following. 
5 [0023] Figure 1 shows a high pressure discharge lamp having a discharge tube 1 made of quartz glass comprising 
an approximately spheroid shaped luminous vessel 2 with a maximum inner diameter in the central region of 6.5 mm, 
a content volume of 180 mm 3 and a thickness of 2.5 mm, and sealing parts 3 connected to each end of the luminous 
vessel 2. Each of the sealing parts 3 seals an installation body as described below. 

[0024] The installation body comprises: an electrode 4 comprising an electrode rod 4b with a diameter of 0.4 mm 
io which comprises tungsten containing 4.0 ppm of potassium oxide (K 2 0), and a coil 4a with a diameter of 0.2 mm which 
comprises tungsten containing 4.0 ppm of potassium oxide (K 2 0), and which is placed on the tip of the electrode rod 
4b; a metallic foil 5 comprising molybdenum whose one end is connected to the bottom end of the electrode rod 4b; and 
an external lead wire 6 whose one end is connected to the other end of the metallic foil 5. The installation body is sealed 
in the sealing part 3 in such a way that the electrodes 4 are located in the luminous vessel 2. 
is [0025] One of the sealing parts 3 is provided with a base 7, which is electrically connected to an external lead wire 
(not shown) extending from the sealing part 3 provided with the base 7. 

[0026] The external lead wire 6 on the other side is connected to one end of a power-supplying wire 8, whose other 
end penetrates through a reflecting mirror 9 as described below and extends to the outside on the opposite side of the 
reflecting surface. 

20 [0027] The distance between the electrodes in the luminous vessel 2, i.e. the arc length, is 1.5 mm. The luminous 
vessel 2 is filled with 28.5 mg (about 0.16 mg/mm 3 ) of mercury, 1.0 x 10~ 4 nmol/mm 3 of Br as a halogen gas, and in 
addition 250 mbar of Ar as a rare gas for starting. Then, this discharge tube 1 is combined with the reflecting mirror 9 
so as to form a lighting optical apparatus 12. 

[0028] The funnel-shaped reflecting mirror 9 made of ceramic has a reflecting surface comprising a deposited film of 
25 Ti0 2 -Si0 2 on the inner surface of the concave mirror. The reflecting mirror 9 has a front light-projecting portion, i.e. the 
opening portion, which has a diameter of about 65 mm, and a cylindrical support 10 positioned on the top of the back 
portion thereof. The base 7 is adhered to the cylindrical support 1 0 with an insulating cement 1 1 . in such a way that the 
center axis of the discharge tube 1 (which includes the pair of the electrodes) approximately corresponds to the center 
axis of the reflecting mirror 9. 

30 [0029] In the high pressure discharge lamp of this embodiment and in the lighting optical apparatus 1 2 using the high 
pressure discharge lamp as a light source, the base 7 and the power-supplying wire 8 were connected to an alternating 
current power source, and it was lit up with a lamp voltage of about 60 V, a lamp current of about 2.5 A, and a lamp 
power of 150 W. The restriking voltage (peak value) of this lamp was about 10 V 

[0030] An image display system was constructed by incorporating the lighting optical apparatus 12 of this embodi- 
es ment into an optical system as shown in Figure 2, and then it was operated at the rated power. The results showed that 
the lamp efficiency was 601 m/W, and the color temperature of a light that was radiated from the discharge tube 1 and 
reflected from the reflecting mirror 9 was about 6800 K. Then, the lighting optical apparatus 12 of this embodiment was 
operated at the rated power and was subjected to a life test. The numerals 12, 13, 14 and 15 designate the lighting opti- 
cal apparatus of this embodiment, a condenser lens, a projection lens system, and a light-intercepting surface (a 
40 screen), respectively. 

[0031] The results of the life test showed that after 2500 hours of lighting, cloudiness and blackening were not caused 
in the discharge tube 1 at all, and moreover, as is evident from Figure 3, about 90 % illumination maintenance on the 
screen was sustained. Thus, good results were obtained. 

45 Second Embodiment 

[0032] Using the same drawing of Figure 1 as in the above embodiment, a high pressure discharge lamp according 
to the second embodiment of the present invention and a lighting optical apparatus using the high pressure discharge 
lamp as a light source will be described in the following. 

so [0033] In this embodiment, the luminous vessel 2 has a maximum inner diameter in the central region of 5.0 mm, a 
content volume of 80 mm 3 and a thickness of 2.5 mm. Each of the electrodes 4 comprises an electrode rod 4b with a 
diameter of 0.35 mm which comprises tungsten containing 4.2 ppm of potassium oxide (K 2 0), and a coil 4a with a diam- 
eter of 0.2 mm which comprises tungsten containing 4.2 ppm of potassium oxide (K 2 0), which is placed on the tip of 
the electrode rod 4b. The distance between the electrodes in the luminous vessel 2, i.e. the arc length, is 1 .0 mm. The 

55 luminous vessel 2 is filled with 1 6.5 mg (about 0.205 mg/mm 3 ) of mercury. 1 .5 x 1 o 4 nmol/mm 3 of Br as a halogen gas. 
and in addition 250 mbar of Ar as a rare gas for starting. The reflecting mirror 9 has a front light-projecting portion, i.e. 
the opening portion, with a diameter of about 60 mm. The rest of the structure is the same as the above first embodi- 
ment. 
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[0034] In a lighting optical apparatus 12 comprising a high pressure discharge lamp with a short arc according to this 
embodiment and a reflecting mirror, the base 7 and the power-supplying wire 8 were connected to an alternating current 
power source, and it was lit up with a lamp voltage of about 60 V, a lamp current of about 2.1 A, and a lamp power of 
125 W. The restriking voltage (peak value) of this lamp was about 10 V. 
s [0035] An image display system was constructed by incorporating the lighting optical apparatus having the above 
structure into the optical system as shown in Figure 2. and then it was operated at the rated power. The results showed 
that the lamp efficiency was 551 m/W, and the color temperature of the light which was radiated from the discharge tube 

1 and reflected from the reflecting mirror 9 was about 6500 K. Then, the lighting optical apparatus of this embodiment 
was operated at the rated power and subjected to a life test. 

10 [0036] The results of the life test showed that after 2000 hours of lighting, cloudiness and blackening were not caused 
in the discharge tube 1 at all, and moreover, as is evident from Figure 4, about 87 % illumination maintenance on the 
screen was sustained. Thus, good results were obtained. 

Third Embodiment 

15 

[0037] A high pressure discharge lamp according to the third embodiment of the present invention, and a lighting opti- 
cal apparatus using the high pressure discharge lamp as a light source, will be described in the following. 
[0038] In the high pressure discharge lamp according to this embodiment, as shown in Figure 5, the luminous vessel 

2 has a maximum inner diameter in the central region of 7.0 mm, a content volume of 230 mm 3 and a thickness of 2.5 
20 mm. One electrode 4 comprises an electrode rod 4b with a diameter of 0.45 mm which comprises tungsten containing 

4.8 ppm of potassium oxide (K 2 0), and a coil 4a with a diameter of 0.2 mm which comprises tungsten containing 4.8 
ppm of potassium oxide (K 2 0), which is attached onto the tip of the electrode rod 4b at a distance of 0.75 mm from the 
top of the electrode rod 4b. The other electrode 16 comprises tungsten containing 4.3 ppm of potassium oxide (K 2 0); 
and comprises a tip 1 6a with a maximum diameter of 1 .7 mm and with a diameter at the top of 0.6 mm, and an electrode 
25 rod 16b with a diameter of 0.45 mm. The distance between the electrodes in the luminous vessel 2, i.e. the arc length, 
is 1 .5 mm. The luminous vessel 2 is filled with 37.0 mg (about 0.16 mg/mm 3 ) of mercury. 7.5 x 1 0" 5 iimol/mm 3 of Br as 
a halogen gas, and in addition 250 mbar of Ar as a rare gas for starting. The reflecting mirror 9 has a front light-project- 
ing portion, i.e. the opening portion, with a diameter of about 70 mm. The rest of the structure is the same as the above 
first embodiment. 

30 [0039] In a lighting optical apparatus comprising a high pressure discharge lamp with a short arc according to this 
embodiment and a reflecting mirror, the base 7 and the power-supplying wire 8 were connected to a direct current 
power source, and it was lit up with a lamp voltage of about 65 V, a lamp current of about 2.4 A, and a lamp power of 
160 W. 

[0040] An image display system was constructed by incorporating the lighting optical apparatus 12 having the above 
35 structure into the optical system as shown in Figure 2, and then it was operated at the rated power. The results showed 
that the lamp efficiency was 621 m/W, and the color temperature of a light that was radiated from the discharge tube 1 
and reflected from the reflecting mirror 9 was about 6500 K. Then, the lighting optical apparatus of this embodiment was 
operated at the rated power, and subjected to a life test. 

[0041 ] The results of the life test showed that after 3000 hours of lighting, cloudiness and blackening were not caused 
40 in the discharge tube 1 at all, and moreover, as is evident from Figure 6, about 85 % illumination maintenance on the 
screen was sustained. Thus, good results were obtained. 

[0042] The reasons why the electrodes are mainly composed of tungsten, and why the content of the potassium oxide 
(K 2 0) in the tungsten electrodes is in the range of not more than 12 ppm, are described in the following. 
[0043] Using seven types of electrodes, containing 5 ppm or less, 8 ppm, 12 ppm, 15 ppm, 30 ppm, 75 ppm and 100 
45 ppm of K 2 0 respectively, lamps were manufactured and then subjected to life tests. The life tests were carried out by 
lighting the tamps for 100 hours. The results of the illumination maintenance after lighting the lamps for 100 hours are 
shown in Table 1 . The reason why the life tests were carried out by lighting the lamps for 1 00 hours is that, there is not 
a large decrease in the illumination maintenance at a time after 100 hours, so that the illumination maintenance at a 
time of 2000 to 3000 hours can be estimated from the test results of lighting for 100 hours. 

50 



Table 1 



Content of K z O (ppm) 


5 


8 


12 


15 


30 


75 


100 


Illumination Maintenance (%) 


97 


94 


90 


82 


79 


76 


72 


Generation of Blackening 


None 


None 


None 


Generated 


Generated 


Generated 


Generated 


Total Evaluation 


Good 


Good 


Good 


Defective 


Defective 


Defective 


Defective 
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[0044] As is evident from Table 1 , the test results showed that in the lamps using electrodes containing at least 15 
ppm of K 2 0, blackening was generated in the discharge tubes at an early time in lighting, so that illumination mainte- 
nance was reduced in these lamps. Also, the results showed that the greater the content of K 2 0 in the electrodes, the 
larger the degree of blackening of the discharge tube. As a result of analysis, it was found that the presence of K 2 0 con- 

5 tained in the tungsten electrodes greatly inhibits the halogen cycle. Therefore, the K 2 0 concentration in the electrodes 
is specified to be in the above-mentioned range. Furthermore, the less content of K 2 0 in the tungsten electrodes, the 
better the performance of the lamps. Preferably, the content of K 2 0 in the tungsten electrodes is in the range of not 
more than 8 ppm, so that 94% illumination maintenance after 100 hours can be achieved. More preferably, the content 
of K 2 0 in the tungsten electrodes is in the range of not more than 5 ppm, so that 97 % illumination maintenance after 

io 100 hours can be achieved. 

[0045] Furthermore, the reason why the water (-OH group) content in the quartz glass is specified to be in the range 
of not more than 3 ppm above will be described in the following. 

[0046] Using six types of quartz glass, containing 1 ppm. 3 ppm, 6 ppm, 10 ppm, 15 ppm and 20 ppm of OH group 
respectively, lamps were manufactured and subjected to life tests. The results of the illumination maintenance after 
is lighting the lamps for 100 hours are shown in Table 2. 



Table 2 



Content of -OH (ppm) 


1 


3 


6 


10 


15 


20 


Illumination Maintenance (%) 


96 


95 


88 


84 


81 


80 


Generation of Blackening 


None 


None 


Generated 


Generated 


Generated 


Generated 


Total Evaluation 


Good 


Good 


Defective 


Defective 


Defective 


Defective 



25 

[0047] As is evident from Table 2. in the lamps using quartz glass containing at least 6 ppm of -OH group, blackening 
of the lamp was generated within 100 hours of lighting, and the higher the concentration of -OH group, the larger the 
degree of blackening of the discharge tube. 

[0048] When the lamp is lit up, the water in the quartz glass near the inner surface of the discharge tube enters into 

30 the discharge tube by diffusion. It was found that if the amount of the entering water is large, the halogen cycle is inhib- 
ited, promoting blackening of the lamp. Therefore, the water (-OH group) content in the quartz glass was specified to be 
in the above-mentioned range. The less the content of the water (-OH group) in the quartz glass, the better the perform- 
ance of the lamp. Preferably, the water content in the quartz glass is in the range of not more than 1 ppm, so that 96 % 
illumination maintenance after 100 hours can be sustained. 

35 [0049] Furthermore, the reason why the restriking voltage (peak value) observed within several seconds to two min- 
utes from starting is specified to be in the range of not more than 20 V will be described in the following. 
[0050] It is understood that the restriking voltage (peak value) herein refers to the peak value of the voltage observed 
right after (within 10 seconds to two minutes from) the ignition of the lamp, as shown in Figure 7. It is known that the 
greater the amount of impurity gases (e.g. H 2 O t H^ present in the discharge tube, the higher the restriking voltage. 

40 [0051] Lamps with restriking voltages of 10 V or less, 15 V, 20 V, 25 V, 30 V, 40 V and 60 V, respectively, were man- 
ufactured and subjected to life tests. The test results showed that blackening was hardly generated in the lamps with a 
restriking voltage of not more than 20 V, but it was generated in the discharge tubes in those lamps with a restriking 
voltage of at least 25 V. Therefore, the above-mentioned range is specified. Furthermore, by making the restriking volt- 
age not more than 15 V, generation of blackening of the lamp can be prevented more effectively. Still furthermore, by 

45 making the restriking voltage not more than 10 V, generation of blackening of the lamp can be prevented further effec- 
tively. 

[0052] Furthermore, when the lamp is lit up by a direct current, if the volume of the electrode to be an anode during 
lighting is the same or less than the volume of the electrode to be a cathode, the temperature of the electrode to be an 
anode increases excessively, or alternatively the temperature of the cathode becomes lower than a temperature at 
so which discharge is maintained, which is not desirable as a lamp. By making the volume of the electrode which becomes 
an anode during lighting to be larger than that of the electrode which becomes a cathode, the temperatures of the 
anode and cathode become about the same, so that the electrode temperature is optimized. Therefore, the above-men- 
tioned range is preferred. 

[0053] Also, it is to be understood that in the present invention lighting by a direct current means not only by a direct 
55 current in a strict sense, but it may also be. for example, lighting by a rectified alternating current. 

[0054] Furthermore, in the present invention, the tungsten as a material of the electrodes may contain impurities, for 
example, those mentioned in the Table 3 below. However, the less the amount of these impurities, the better the prop- 
erty of the lamp. 
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Table 3 



Type of Impurity 


Al 


Si 


K 


Ca 


Cr 


Fe 


Ni 


Mo 


Ba 


Amount of Impurity (ppm) 


2.9 


3.3 


7.0 


1.0 


2.9 


10 


0.9 


5.9 


1.2 


(Note) Measuring Apparatus: a flameless atomic absorption photometer. 
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20 



25 



10 Claims 

1 . A high pressure discharge lamp which is provided with a discharge tube containing a pair of electrodes therein and 
being filled with mercury, an inert gas and a halogen gas, the amount of the mercury fflled being 0.12 to 0.35 
mg/mm 3 , the halogen gas being at least one gas selected from the group consisting of CI, Br and I, and being 
present in an amount of 10" 7 to 10" 2 umol/mm 3 , and the electrodes mainly being composed of tungsten, wherein 
the tungsten contains not more than 12 ppm of potassium oxide (K 2 0). 

2. The high pressure discharge lamp according to claim 1 , wherein the content of the potassium oxide (K 2 0) in the 
tungsten is 0 to 8 ppm. 

3. The high pressure discharge lamp according to claim 2, wherein the content of the potassium oxide (K 2 0) in the 
tungsten is 0 to 5 ppm. 

4. The high pressure discharge lamp according to claim 1 , wherein the discharge tube is made of quartz glass, and 
the content of -OH group in the quarts glass is 0 to 3 ppm. 

5. The high pressure discharge lamp according to claim 4, wherein the content of -OH group in the quartz glass is 0 
to 1 ppm. 

30 6. The high pressure discharge lamp according to claim 1 , wherein the restriking voltage observed within several sec- 
onds to two minutes from starting is not more than 20 V. 

7. The high pressure discharge lamp according to claim 6, wherein the restriking voltage observed within several sec- 
onds to two minutes from starting is 0 to 15 V. 

35 

8. The high pressure discharge lamp according to claim 7, wherein the restriking voltage observed within several sec- 
onds to two minutes from starting is 0 to 10 V. 

9. The high pressure discharge lamp according to claim 1, which is lit by direct current, wherein the volume of the 
40 electrode to be an anode during lighting is larger than the volume of the electrode to be a cathode. 

10. The high pressure discharge lamp according to daim 1 , which exhibits illumination maintenance on a screen of at 
least 85 % after lighting for 2000 hours. 

45 11. The high pressure discharge lamp according to claim 1 0, wherein the illumination maintenance on the screen is at 
least 87 % after lighting for 2000 hours. 

12. The high pressure discharge lamp according to claim 1 1 , wherein the illumination maintenance on the screen is at 
least 90 % after lighting for 2000 hours. 



50 



55 



13. A lighting optical apparatus comprising 

a high pressure discharge lamp which is provided with a discharge tube containing a pair of electrodes therein 
and being filled with mercury, an inert gas and a halogen gas, the amount of the mercury filled being 0.12 to 
0.35 mg/mm 3 , the halogen gas being at least one gas selected from the group consisting of CI, Br and I, and 
being present in an amount of 1 0" 7 to 1 0" 2 jimol/mm 3 , and the electrodes mainly being composed of tungsten, 
wherein the tungsten contains not more than 12 ppm of potassium oxide (K 2 0); and 

a reflecting mirror having a reflecting surface selected form the group consisting of a paraboloidal surface and 
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an ellipsoidal surface; 

wherein the arc axis of the high pressure discharge lamp is located on the optical axis of the reflecting mirror 
so as to integrate the high pressure discharge lamp with the reflecting mirror. 

5 14. An image display system comprising 

a light supplying source comprising a light source and lenses; and an image forming device; 

wherein in the light supplying source is used a lighting optical apparatus comprising 
a high pressure discharge lamp which is provided with a discharge tube containing a pair of electrodes therein 
io and being filled with mercury, an inert gas and a halogen gas, the amount of the mercury filled being 0.12 to 

0.35 mg/mm 3 , the halogen gas being at least one gas selected from the group consisting of CI, Br and I, and 
being present in an amount of 10* 7 to 10 2 (imol/mm 3 , and the electrodes mainly being composed of tungsten, 
wherein the tungsten contains not more than 12 ppm of potassium oxide (K 2 0); and 

a reflecting mirror having a reflecting surface selected from the group consisting of a paraboloidal surface and 
is an ellipsoidal surface; 

wherein the arc axis of the high pressure discharge lamp is located on the optical axis of the reflecting mirror 
so as to integrate the high pressure discharge lamp with the reflecting minor. 
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FIG. 1 
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FIG. 5 
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FIG. 7 
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FIG. 8 (PRIOR ART) 
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